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Ships’ Routeing is intended primarily for Administrations responsible for planning 
and supporting routeing systems for use by international shipping. With the 
construction of Caofeidian port, more and more ships sailing in Caofeidian waters. On 
the one hand, the implementation of ships’ routeing scheme in Caofeidian waters 
improves the safety level of ship navigation and the navigation order. On the other 
hand, the implementation of ships’ routeing scheme has brought good economic and 
social benefits, and established a good international image of China and a good social 
image of the competent authority. However, ships’ routeing scheme of Caofeidian 
waters had implemented almost 9 years since December 1, 2009, which had found 
some problems in their implementation. Therefore, this thesis takes ships’ routeing 
scheme of Caofeidian waters as the research object, to evaluate the effectiveness of 
the implementation, analyzes the problems existing in the use, and put forward 
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Chapter 1 Introduction 
1.1 Research background  
In order to improve the navigable environment of vessels in the area of Caofeidian 
Port waters, and ensure the safety, convenience and unimpeded navigation of ships, 
the routeing scheme of Caofeidian was implemented on December 1, 2009 on the 
basis of repeated modification and improvement. It is made up of the first TSS, the 
second TSS, the third TSS and a precaution area. The range of the ship’s report 
system in Caofeidian is the water area surrounded by the three reporting lines of east, 
south and west. 
1.2 Research purpose 
The objectives of this study are:  
1) To evaluate the effectiveness of ships’ routeing scheme in Caofeidian waters;  
2) To analyze the problems existing in the utility in Caofeidian waters;  
3) To put forward reasonable solutions and suggestions according to the existing 
problems in order to give full play to the role of ships’ routeing scheme. 
1.3 Research content 
Based on the method of combining theory and practice, this thesis analyzes the 
navigation, safety and satisfaction for the implementation of ships’ routeing scheme 
by means of real state observation and questionnaire. Specifically, the research 
targets as the following: 
(1) The change of navigation flow in Caofeidian waters when the implementation of 
ships’ routeing scheme;  
(2) The changes of the safety situation in the Caofeidian waters when the 
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implementation of the ships’ routeing scheme;  
(3) The questionnaire of satisfaction for the implementation of ships’ routeing 
scheme in Caofeidian waters;  
(4) The analysis of the problems existing in the utility of ships’ routeing scheme in 
Caofeidian waters according to the measured data and questionnaire.  
5) The solutions and suggestions are proposed base on ships’ routeing scheme for the 





















Chapter 2 Overview of navigable environment in Caofeidian waters 
2.1 Geographical position 
Caofeidian Port area is located in the west coast of Bohai Sea, between Tianjin Port 
and Jingtang Port, and at the turning point of the northern coast of Bohai Bay in the 
southern waters of Tangshan region, meanwhile it is located at the center of Bohai 
Bay and Bohai Sea Economic Circle. The Caofeidian port is 38 NM west of Tianjin 
Port, 92 NM northeast of Qinhuangdao Port, 33 NM from Jingtang Port, and covers 
an area of 1928.36 square kilometers. The area of Caofeidian port is linked to the 
following points (Web, 2018): 
    （1）. 39°14′00.0″N/118°04′00.0″E； 
    （2）. 39°00′00.0″N/118°05′00.0″E； 
    （3）. 38°50′00.0″N/118°40′00.0″E； 
    （4）. 38°52′15.0″N/118°50′30.0″E 
    （5）. 39°04′30.0″N/118°42′30.0″E 
（6）. 39°11′15.0″N/118°40′00.0″E 




Figure 1 The schematic map of Caofeidian Port area 
Source: Institute for maritime safety assurance of Dalian Maritime University (2017), Dalian, China. 
2. 2 Analysis of port environment 
General situation of Caofeidian Port area 
The scope of Caofeidian harbor is linked to the following points: 
（1）39°08′55″N  118°47′00″E 
（2）38°51′24″N  118°47′00″E 
（3）38°50′00″N  118°40′00″E 
（4）39°00′00″N  118°05′00″E 




Figure 2 Schematic diagram of Caofeidian Port area. 
Source: Institute for maritime safety assurance of Dalian Maritime University (2017), Dalian, China.  
Fairway 
There are three official fairways in Caofeidian Port area. 
The fairway to the first harbor basin is 1074 meters in length, 170 meters in width. 
Its overall water depth has reached more than 18.3meters.  
The fairway to the second harbor basin is located in the west of the first harbor basin, 
which is designed according to the vessel of 50,000 dwt liquid chemical products. 
The design depth is13.8 meters.  
The fairway to the third harbor basin is designed for the vessel of 30,000 dwt. The 
design depth is 12.0 meters.  
Anchorage 








38º52′21.6″ N 118º23′51.00″E 
38º52′53.69″N 118º17′39.80″E 







The Caofeidian Port area now has three harbor basins, the location of which is shown 
in figure 3. 
 
Figure 3 Schematic diagram of the Caofeidian harbor basin 
Source: Institute for maritime safety assurance of Dalian Maritime University (2017), Dalian, China. 
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2.3 Brief introduction of Ships’ Routeing scheme and reporting system in 
Caofeidian waters  
The ships’ routeing scheme in Caofeidian waters consists of the first TSS, the second 
TSS, the third TSS and a precaution area.  
 
Figure 4 Schematic diagram of ships’ routeing scheme in Caofeidian waters 
Source: The chart of Caofeidian, No.20502, China. 
2.3.1 The first TSS 
The first TSS consists of a separation zone and a traffic lane 
(1) Separation zone  
It is a water area with the following point as a center line, 10 NM in length and 0.5 














The westbound of TSS is the water area between the separation zone and the 
northern boundary line, 10 NM in length and 1 NM in width, the direction is 278 ° 
(true course). 
The eastbound of TSS is the water area between the separation zone and the southern 
boundary line, 10 NM in length and 1 NM in width, the direction is 098 ° (true 
course). 
2.3.2 The second TSS 
The second TSS consists of a separation zone and a traffic lane 
（1） Separation zone 
It is a water area with the following point as a center line, 5 NM in length and 0.5 














The westbound of TSS is the water area between the separation zone and the 
northern boundary line, 5 NM in length and 1 NM in width, the direction is 278 ° 
(true course). 
The eastbound of TSS is the water area between the separation zone and the southern 
boundary line, 5 NM in length and 1 NM in width, the direction is 098 ° (true 
course). 
2.3.3 The third TSS 
The third TSS consists of a separation zone and a traffic lane. 
（1） Separation zone 
It is a water area with the following point as a center line, 4 NM in length and 0.1 














The entering of TSS is the water area between the separation zone and the eastern 
boundary line, 4 NM in length and 0.6 NM in width, the direction is 335 ° (true 
course). 
The leaving of TSS is the water area between the separation zone and the western 
boundary line, 3.2 NM in length and 0.6 NM in width, the direction is 155 ° (true 
course). 
2.3.4 Precaution area 
The precaution area is rectangular, 4 NM in length and 2.5 NM in width. It is the 













Chapter 3 Research on traffic situation for the implementation of ships’ 
routeing scheme in Caofeidian Waters 
3.1 Summary of ships’ routeing scheme 
3.1.1 The content of ships’ routeing scheme 
Ships' Routeing is intended primarily for Administrations responsible for planning 
and supporting routeing systems for use by international shipping. There are two 
categories of routeing systems. The first category includes traffic separation schemes, 
two-way routes, recommended tracks, areas to be avoided, inshore traffic zones, 
roundabouts, precautionary areas and deep-water routes. The second category is 
archipelagic sea lanes. Part A consists of General Provisions on Ships' Routeing 
which have been developed to ensure that all adopted routeing systems conform to 
the same general criteria and principles (IMO, 2013). 
 
120 regions in the world have established traffic separation scheme, and more than 
80 regions have set up other forms of ships’ routeing scheme and mandatory 
reporting scheme. The world-famous busy straits such as Dover Strait, Bosporus 
Strait, Lawrence Strait, all of them have established the TSS (IMO, 2018).  
3.1.2 The general function of ships’ routeing scheme 
The Regulation V/10 of Solas expounds the ships’ routeing scheme with the function 
conducive to the safety of life at sea, navigation safety and efficiency and marine 
environmental protection (Solas, 2014).According to general provisions on ships’ 
routeing, the ships’ routeing scheme can enhance navigation safety for the area where 
is the dense regions of vessel convergence zone, traffic or waters limitation, the 
navigation obstruction of existence, the limitation for depth and the restricted area. It 
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also has the following functions: 
 (1) Separating traffic flows in opposite directions to reduce the occurrence of 
encounter situations; 
 (2) Reducing the risk of collision between transversal ships with the ships sailing in 
the established TSS; 
 (3) Simplifying traffic flow in the confluence areas； 
(4) Organizing safe traffic flows in areas where offshore exploration or exploitation 
is concentrated; 
(5) Organizing traffic flows in or around areas which are dangerous or unsatisfactory 
for the navigation of all ships or particular types of ships; 
(6) Organizing safe traffic flows within or around or at a certain safe distance from 
an environmentally sensitive area; 
(7) Reducing the risk of grounding by providing special guidance to ships in areas 
with uncertain or critical depths; and 
(8) Directing the vessel to clear the fishing area or organize the vessel to pass 
through the fishing area. (IMO, 1988) 
3.2 Investigation for the traffic status of Caofeidian waters 
This thesis aims to analyze the ship’s traffic volume, ship’s track, berthing track, 
traffic accident, traffic flow trends and seafarers’ opinions on the implementation of 
ships’ routeing scheme in Caofeidian waters. It is the basis of scientifically and 
reasonably evaluating the effectiveness of ships’ routeing scheme to take the traffic 
situation and accident risk situation. In order to complete the research work of this 
subject, the corresponding investigation into the ship’s traffic situation in Caofeidian 
waters is carried out through a combination of quantitative and qualitative methods 
by means of consulting data, traffic observation and historical data query, also 
collecting various aspects of data and information schematically and scientifically. 
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3.2.1 Ship track data acquisition 
In order to evaluate the influence and utility of ships’ routeing scheme on ship’s 
traffic distribution, traffic direction and traffic organization, it is necessary to obtain 
the track distribution of ships passing through Caofeidian waters. In this thesis, the 
shore-based system of MSA is adopted to monitor the ship’s AIS to get the track 
information. And the information of ship’s position provided by VTS supervision 
center is also used to obtain the track of berthing and un-berthing for the port.  
3.2.2 Data acquisition of ship’s traffic volume 
（1）AIS system 
The data of ship’s traffic density distribution and ship’s traffic volume in various 
directions in several key areas in Caofeidian waters were obtained by using the AIS 
center in the Bohai sea area. 
（2）VTS monitor 
In order to more accurately grasp the service condition of the ships’ routeing scheme, 
based on the stored data in the MIS database, 10 cross sections are selected as the 
data statistics line from the ships’ routeing scheme in the VTS system, and the traffic 
volume of each section is determined by combining with the AIS data.  
3.3 Statistical analysis for the implementation of ships’ routeing scheme 
3.3.1 Ship’s track distribution 
In order to separate these traffic flows in Caofeidian waters and increase the ship’s 
safety, MOT approved the establishment of ships’ routeing scheme in Caofeidian 
waters, which had been implemented on December 1, 2009. In order to understand 
the ship’s traffic situation after the implementation of ships’ routeing scheme in 





Figure 5 Ships’ track distribution map in Caofeidian waters 
Source: AIS database of Bohai Sea from MSA (2018), China 
 
It can be seen from figure 5 that the ship’s traffic flow has been well straightened out 
after the implementation of ships’ routeing scheme in Caofeidian waters. First of all, 
the first and second TSS separates the two opposite traffic flows effectively, which 
are west entering and east leaving the main fairway of Tianjin port. The entering and 
leaving of ships in the TSS are controlled within a limited range. It is the great 
significance to reduce and avoid collision accidents and ensure the safety of 
navigation. In the third TSS, the ships entering and leaving of the port are separated 
effectively, and the number of ships entering port is relatively small. The main reason 
is that many ships enter the anchorage first then enter the port directly from the 
anchorage. The track is very regular. Ships enter the main fairway at the end of the 
TSS, and the ship’s traffic is relatively regular outside the terminal. Most ships 
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entering and leaving Caofeidian port use the precaution zone to cross the navigable 
lane effectively to avoid the random crossing of the ship and reduce the occurrence 
of the ship crossing greatly.  
3.3.2 Ship’s traffic density distribution 
Ship’s density refers to the number of ships in an instantaneous unit area of waters. It 
reflects the density of ships in the waters, also reflects the busy and dangerous degree 
of ship traffic. The density of ships in a certain water area may be relatively high, but 
due to the reasonable distribution of ship’s density, the ship’s traffic may not cause 
traffic congestion or frequent accidents. Conversely, the density of ships in a certain 
water area may not be too high, but due to the bad density distribution of ships, some 
parts of the waters may be too dense, resulting in traffic congestion or frequent 
accidents. One of the specific functions of ships’ routeing scheme is to make the ship 
density distribution in the waters as reasonable as possible by artificial means (Wu 
Zhaolin, 1993). 
 
In this thesis, the distribution of ship’s density in the key waters around the ships’ 
routeing scheme of Caofeidian water area is analyzed by using the data of AIS 
system. In order to understand the distribution of ship’s density directly and 
accurately, the distribution of the ship’s density in the navigation channel is divided 
into 30 parts in the distance between the south to the north and the west and the east. 
The distance between each part and the navigable limitation line is the horizontal 
axis, the number of ships passing in each section is the longitudinal axis, to draw the 
geographical distribution map of the ship density and analyze them accordingly. 
 
（1） Distribution of ship’s density in the first TSS 
Figure 6 shows the distribution of ships at the first TSS in February 2018. A total of 
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3856 ships were counted. The ship’s traffic in the fairway was distributed in the 
navigable lane, and the ships of the eastbound and westbound went its own way. The 
ship’s traffic was distributed more in the area of the center line of the traffic lane, and 
gradually decreased to the two sides. The distribution of ship’s traffic in the TSS is in 
accordance with the general regular of ship’s traffic distribution of the TSS, and the 
distribution is reasonable. There is almost no cross-encounter situation in the traffic 
lane, and the situation is relatively simple. The navigation sequence is better, and the 
navigation efficiency is also increased. 
 
 
Figure 6 Distribution of ship’s traffic in the first TSS  
Source: AIS database of Bohai Sea from MSA (2018), China 
 
However, ship enter and leave the first TSS will cross with those ships which 
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entering and leaving the third harbor basin from the southwest and the ships enter 
and leave Jingtang Port from the southeast, encountered in the area about 7.8 NM in 
the east of the first TSS. Figure 7 shows the distribution of ships entering and leaving 
the third harbor basin in Feb 2018, with a total of 320 ships in and out of port. Figure 
8 shows the distribution of ships entering and leaving Jingtang Port from Huanghua 




Figure 7 Distribution of ship’s traffic in the third harbor basin 







Figure 8 Distribution of ship’s traffic from Huanghua Port to Jingtang Port. 
Source: AIS database of Bohai Sea from MSA (2018), China 
 
（2） Distribution of ship’s density in the second TSS 
Figure 9 shows the distribution of ships at the second TSS in February 2018. A total 
of 2786 ships were counted and the distribution of ships in the navigable area of the 
Caofeidian waters was presented. The ship’s traffic in the fairway was different, and 
the ship’s traffic was more distributed in the center line of the traffic lane, gradually 
decreasing to the two sides, 1330 ships sailing from west to east, 1456 ships sailing 
from east to west, slightly more than the opposite traffic. The distribution of ship’s 
traffic in the traffic lane is reasonable as it is in accordance with the general rules of 
the distribution of ship’s traffic within the TSS. In the traffic lane, the situation is 






Figure 9 Distribution of ship’s density in the second TSS 
Source: AIS database of Bohai Sea from MSA (2018), China 
 
（3） Distribution of ship’s density in the third TSS 
Figure 10 shows the distribution of ships in the third TSS in February 2018. A total 
of 703 ships were counted, of which 216 ships were entering and 487 were leaving. 
The number of ships leaving port through the third TSS more than doubles that of 
entering. That is the reason that there are few ships alongside to berth directly. Most 
ships enter the anchorage first and then enter the port through the anchorage. 
According to the distribution of ship’s density, most of the leaving ships can navigate 
in the traffic lane according to the TSS, and the ship’s traffic is more distributed in 
the center line of the traffic lane, and gradually decreases to the sides. A small 
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number of ships leave the port from opposite lanes without complying with the 
requirements of the TSS. The average distribution of entering ships was in the 
two-way separation of the third TSS, and about half of the ships do not navigate in 
accordance with the requirements of the TSS, but instead sail into the port from the 
opposite lane, thus creating a situation of encounter with the opposite traffic flow and 
the existence of potential navigational safety risks and increasing the difficulty of 
marine supervision. 
 
Figure 10 Distribution of ship’s density in the third TSS 
Source: AIS database of Bohai Sea from MSA (2018), China 
 
3.3.3 Ship’s traffic volume distribution 
In order to fully get the ship’s traffic situation in the designated area, in addition to 
analyzing the ship’s distribution of track and density, the statistical analysis of the 
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traffic distribution was carried out from January 1, 2017 to January 1, 2018 in the 
VTS system, which set 10 sections as the statistical lines to analyze the ship’s traffic 
distribution are shown in figure 11.  
 
Figure 11 Diagram of statistical line of ship’s traffic data 
Source: Drawn by the Author (2018) 
 
CB11, CB12 is a data line set at both terminations of the first TSS, which is used to 
calculate the number of ships entering and leaving from the termination. The average 
value of both is taken as the number of ships sailing in the first TSS. 
 
CB13 / CB14 is a statistical line set at the two ends of the second TSS, which is used 
to calculate the number of ships entering and leaving from the termination, and the 
average value of both is taken as the number of ships sailing in the second TSS. 
 
CB15 is used to calculate the number of ships crossing through the first TSS, but it 





CB16 is used to calculate the number of ships passing through the termination of the 
second TSS from Changshan fairway to Tianjin port or opposite. 
 
CB17 / CB18 are a data line set at both terminations of the third TSS, which is used 
to calculate the number of ships entering and leaving from the termination. The 
average value of both is taken as the number of ships sailing in the third TSS. 
 
CB19 is used to calculate the number of ships crossing through the third TSS. 
 
CB20 is used to calculate the number of ships crossing through the first TSS. 
 
Due to the limitation of database system, the data are based on the AIS information 
of ships, including fishing ships and the small ore ships, but not including those ships 
which do not install AIS equipment and cannot use AIS equipment normally.  
 
3.3.4 Spatial and temporal distribution of ship’s traffic volume 
The data of traffic flow obtained from the 10 traffic flow statistics lines, time from 
0000 of 01
st
 Jan 2017 to 0000 of 01
st
 Jan 2018, total 12 months. The results are 






Table 1  Statistical tables of the traffic distribution 
Lin
e 
Time（from 0000,01st Jan 2017 to 0000,01st Jan 2018） 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total 
CB11 2930 2394 2959 3036 3256 3173 3249 3250 3515 3030 3015 3041 36848 
CB12 2930 2390 3011 3044 3292 3224 3226 3180 3124 3106 3120 3085 36732 
CB13 2446 2016 2559 2600 2790 2785 2749 2673 3650 2547 2531 2487 31833 
CB14 2480 1973 2519 2550 2682 2709 2712 2638 2576 2500 2453 2391 30183 
CB15 210 134 280 327 246 237 231 341 409 358 386 309 3468 
CB16 1054 738 970 1030 907 961 980 978 897 821 1074 854 11264 
CB17 391 337 428 430 431 425 401 404 418 459 456 435 5015 
CB18 481 352 465 475 523 465 432 463 457 453 533 488 5587 
CB19 397 224 420 414 382 318 289 331 339 357 324 278 4073 
CB20 188 118 249 292 219 207 204 305 366 319 345 272 3084 
Source: Edited by the Author (2018) 
 
According to the data in Table 1, the number of ships passing through the CB11 and 
CB12 sections of the first TSS in 12 months was 36848 and 36732 respectively, and 
the number of ships using the first TSS is (36848+36732) / 2=36790, with an average 




Figure 12 Ship’s traffic volumes passing through the first TSS 
Source: Drawn by the Author (2018) 
 
The number of ships passing through CB13 in 12 months was 31833, with an 
average of 2652.75 ships per month, and the number of ships passing through CB14 
was 30183, with an average of 2515.25 ships per month. The average number of 
ships passing through CB14 was 138.5 ships smaller than that of the ships passing 
through CB13, with a daily average of 4.61 less. The number of ships passing the 
second TSS was (31833+30183) /2= 31008, with an average of 2584 ships per month, 







































Figure 13 Ship’s traffic volumes passing through the second TSS  
Source: Drawn by the Author (2018) 
 
The number of ships passing through CB17 in 12 months was 5015 ships, with an 
average of 417.92 ships per month and an average of 13.93 ships per day. Ships 
leaving the port from the first and second harbor basin can often follow the routeing 
regulations to enter the third TSS through the CB17 and proceed southward, while 
the large vessels leaving the port of Diantou sail on the eastern side of the third TSS 
or occupy part of the third TSS. Within 12 months, there were 5587 ships passing 
through CB18 and 465.58 ships passing through CB18 every month, with an average 
of 15.52 ships per day. This mainly included ships entering and leaving the port 
through the third TSS, the ships passing through CB18 to entering and leaving the 







































Figure 14 Ship’s traffic volumes passing through the third TSS 
Source: Drawn by the Author (2018) 
 
As shown in Figure 15, the number of ships passing through CB15 in 12 months was 
3468 ships, with an average of 289 ships and 9.6 ships per day, the number of ships 
passing through CB20 in 12 months was 3084 ships, with an average of 257 ships 
per month and 8.57 ships per day. As a result, the average number of vessels passing 
through the first TSS is about 8 ships per day, and the number of vessels using the 





































Figure 15 Ship’s traffic volumes cross passing the first TSS 
Source: Drawn by the Author (2018) 
 
The number of ships passing through CB16 in 12 months was 11264 ships, with an 
average of 938.6 ships and a daily average of 31.29 ships, as shown in figure 16.  
 
Figure 16 Ship’s traffic volumes through the west of the second TSS 
Source: Drawn by the Author (2018) 
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of 339.4 ships monthly and average of 11.31 ships daily, most of which were fishing 
boats and small ore ships. There are also ships in and out of the port or in and out of 
the anchorage through the third TSS, as shown in figure 17.  
 
Figure 17 Ship’s traffic volumes cross through the third TSS 
Source: Drawn by the Author (2018) 
 
（2）Ship’s traffic volumes distribution for the ports. 
In order to understand the situation of the ships’ routeing scheme for the ships 
entering and leaving, the relevant statistical analysis was carried out for the 
































Figure 18 Ship’s traffic volumes in and out of the harbor basin  
Source: Drawn by the Author (2018) 
 
It can be seen from figure 18 that the number of ships entering and leaving the first 
harbor basin was the highest, with nearly an average of 2,000 ships per month. The 
number of ships entering and leaving the Fengnan harbor basin from the north 
entrance of the third TSS can reach more than 1,000 per month, and the number of 
ships entering and leaving the second harbor basin was about 600 ships per month. 
The number of ships entering and leaving the third harbor basin from the east of the 
first TSS was about 80 ships per month. Most ships in and out of Caofeidian port 
area pass through the third TSS and its adjacent waters; thus, the large volume of 
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the third TSS and its adjacent waters, thereby increasing the difficulty of supervision.  
3.3.5 Ship’s traffic flow distribution 
According to the track distribution of AIS and the long-term observation results of 
VTS system, the chart of Caofeidian routeing scheme and traffic flow in nearby 
waters is drawn as shown in figure 19. 
 
Figure 19 Ship’s traffic flow distribution in Caofeidian area 
Source: Drawn by the Author (2018) 
 
It can be seen from figure 19 that the ship’s track in the first and second TSS is 
relatively simple, and that there are few ship’s traffic flows at the intersection and 
there is a ship’s traffic intersection in the east of the first TSS and the west of the 
second TSS termination. The traffic flow on the north side of the third TSS is more 




Chapter 4 Questionnaire analysis of effectiveness evaluation of ships’ routeing 
scheme in Caofeidian waters 
4.1 The content and object of the questionnaire 
In order to further reflect the effectiveness of ships’ routeing scheme in Caofeidian 
waters, a questionnaire was conducted to examine the effects of ships’ routeing 
scheme on improving navigation safety and efficiency in Caofeidian waters. 
Considering that the seafarers, pilots and traffic controllers are the main users and 
managers of the ships’ routeing scheme, this thesis has made reference to the 
members with much navigation experience. Thus, questionnaire respondents include 
seafarers, pilots and controllers in the Caofeidian waters.  
 
The information of the questionnaire includes: the respondents' own situation, the 
condition of the vessel, influence of ships’ routeing scheme in Caofeidian waters on 
ship’s traffic conditions, the effectiveness of ships’ routeing scheme in Caofeidian 
waters. A total of 182 questionnaires were distributed and collected. 
4.2 .Analysis of the results of questionnaire  
4.2.1 The basic situation of the respondents 
From the working years of the respondents, it returned 180 copies, and 95.55 % of 
the respondents had more than 1 year experience. Only 4.44 % of the respondents 







Table 2  Working years of the respondents. 
Working 
years 
Less 1 1～5 5～10 10～20 Over 20 total 
copies 8 43 49 40 40 180 
proportion 4.44% 23.89% 27.22% 22.22% 22.22% 100.00% 
 
Figure 20 Working years of the respondents 
Source: Drawn by the Author (2018) 
 
Judging from the age of the respondents, the majority of the respondents are between 
20 and 50 years old, accounting for about 85.64 % of the total, as shown in table 3 
and figure 21. 
 
Table 3  Age of the respondents 
age Less 20 20～30 30～40 40～50 50～60 Over 60 total 
copies 4 44 65 46 22 0 181 

















Figure 21 Age of the respondents  
Source: Drawn by the Author (2018) 
 
The number of the respondents with a bachelor degree or above was the biggest, 
accounting for 41.44%, followed by junior college graduates accounting for 36.46% 
of the total, as shown in table 4 and figure 22.  
Table 4  The educational background of the respondents. 
education 









copies 75 66 29 8 3 181 
proportion 41.44% 36.46% 16.02% 4.42% 1.66% 100.00% 
 
Figure 22 The educational background of the respondents. 





























         Less 20     20-30       30-40       40-50       50-60       over 60 




Most of the respondents were Captain and officer, accounting for about 86.2 % of the 
total, as shown in table 5 and figure 23.  
 
Table 5  The occupation of the respondents 
Work field Captain Officer Pilot Controller Others Total 
Copies 64 86 3 12 9 174 
Proportion 36.78% 49.43% 1.72% 6.90% 5.17% 100.00% 
 
Figure 23 The occupation of the respondents 
Source: Drawn by the Author (2018) 
 
In terms of the working years for current rank of the respondents, 91% of the 
respondents had more than 1 year of work experience and 1-5 years of work 
experience, accounting for 46.41% of the total, as shown in tables 6 and figure 24.  
 
Table 6  The years for current rank of the respondents 
years for 
current rank 
Less 1 1～5 5～10 10～20 Over 20 Total 
copies 17 84 45 28 7 181 

















Figure 24 The years for current rank of the respondents 
Source: Drawn by the Author (2018) 
 
From the point of view the type of ship, the main type of ship is bulk carrier, 71.70% 
of 159 respondents serve on bulk carrier, as shown in table 7 and figure 25. 
 
Table 7  The type of ship by respondents 







copies 4 26 114 6 4 5 159 

















Years for current rank 




Figure 25 The type of ship by respondents 
Source: Drawn by the Author (2018) 
 
Regarding the size of ship, ships between 10,000t and 50,000t are the most, 
accounting for 41.38% of the total, 50,000t to 100,000t of ships are 31.72% of the 
total, and 13.10% more than 100,000t, as shown in table 8 and figure 26.  
 











Copies 20 60 46 19 145 
Proportion 13.79% 41.38% 31.72% 13.10% 100.00% 
 
Figure 26 The size of ships  
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4.2.2 Statistical for the improvement of ship navigation safety by ships’ routeing 
scheme 
This thesis investigated the improvement of the ship navigation safety for the 
implementation of the ships’ routeing scheme in the Caofeidian waters as the 
navigation safety database. Most of the respondents think that the improvement 
effect of the routeing scheme is better. About 31.82% of the personnel think the 
improvement effect is very good, and 54.55% people think the improvement effect is 
good for the first and second TSS. As shown in table 9 and figure 27.  
 
Table 9  The effectiveness for the improvement of navigation safety by the first and 
second TSS 




Copies 1 2 21 96 56 176 
Proportion 0.57% 1.14% 11.93% 54.55% 31.82% 100.00% 
 
Figure 27 The effectiveness for the improvement of navigation safety by the first and 
second TSS 












The effiectiveness for the improvement of navigation safety by the 
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About 29.67% of the respondents think that the improvement effect is very good and 
53.85% think that the improvement effect is good, accounting for 83.52% for third 
TSS, as shown in table 10 and figure 28.  
 
Table 10  The effectiveness for the improvement of navigation safety by the third 
TSS 
 Bad Little bad No effect good Very good Total  
Copies 1 3 26 98 54 182 
Proportion 0.55% 1.65% 14.29% 53.85% 29.67% 100.00% 
 
Figure 28 The effectiveness for the improvement of navigation safety by the third 
TSS 
Source: Drawn by the Author (2018) 
 
About 32.42% of the respondents think that the improvement is very good and 53.3% 
think the improvement is good, accounting for 85.71% for the precaution area, as 
shown in table 11 and figure 29.  
 

















 Bad Little bad No effect good Very good Total  
Copies 1 0 25 97 59 182 
Proportion 0.55% 0.00% 13.74% 53.30% 32.42% 100.00% 
 
Figure 29 The effectiveness for the improvement of navigation safety by the 
precaution area 
Source: Drawn by the Author (2018) 
 
From the above questionnaire results, it can be seen that more than 85% navigation 
officers believed the navigation safety has been improved greatly when the 
implementation of the ships’ routeing scheme in Caofeidian waters.  
 
4.2.3 The analysis of the questionnaire for the amendment of ships’ routeing 
scheme 
In view of the effect of the implementation of ships’ routeing scheme and the 
possible problems, this thesis investigates the opinions of the crew members on the 
following points, including: whether the routeing scheme needs to be revised and 

















Concerning whether ship routeing scheme needs to be revised, 53.22% of the 
respondents think that there is no need to be revised, 39.18% think that a minor 
revision is needed, and only 6.43% think that a major revision is needed, as shown in 
table 12.  
Table 12  The statistic for whether needs revise the ships’ routeing scheme 
 Copies Proportion 
No need revised 91 53.22% 
Minor revised 67 39.18% 
Major revised 11 6.43% 
Others 2 1.17% 
Total 171 100.00% 
Source: Drawn by the Author (2018) 
 
In order to understand the suggestions of respondents on the revision of the ships’ 
routeing scheme for the specific location in the questionnaire, and several options 
were selected in 92 copies of the questionnaire. About 39.13% of the respondents 
thought that the separation zone should be revised and 30.43% thought that the third 
TSS should be revised. 22.83% of the respondents thought that the second TSS 
should be revised, as shown in table 13 and figure 30. 
 















Copies 15 21 28 36 5 13 92 
Proportio
n 





Figure 30 The statistic results for the revised location  
 Source: Drawn by the Author (2018) 
 
55.17% of the 87 the respondents think that the width of the routeing scheme should 
be revised, 45.98% of the respondents think that the angle of the routeing scheme 
should be revised, 21.84% of the respondents think that the length of the routeing 
scheme should be revised, as shown in table 14 and figure 31. 
  
Table 14  The revised content for the ships’ routeing scheme 
 Length Width Angle Deletion Copies 
Copies 19 48 40 5 87 
Proportion 21.84% 55.17% 45.98% 5.75%  
 
Figure 31 The revised content for the ships’ routeing scheme 
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4.2.4 Analysis of specific recommendations in the questionnaire 
In order to understand the experience and specific requirements of the seafarers and 
managers for the utility of ships’ routeing scheme in Caofeidian waters, specific 
opinions were asked from the users of the ships’ routeing scheme in the questionnaire, 
and a total of 36 questionnaires gave specific opinions, there were more comments 
on the third TSS, and the main recommendations are summarized as follows: 
（1）The third TSS 
The angle is too large from the third TSS to the first harbor basin, especially when 
the wind and current influence is greater, it is more difficult for the ship to adjust the 
course to parallel to the fairway. It is suggested that the length of the third TSS is 
appropriately shortened. The ship has more space to adjust the position so as to 
ensure the safety of navigation. Although the most ships from the third TSS is 
eastbound, if the vessel sailing to port of Tianjin or westbound, the turning angle 
from the precaution area is too large, which is easy to collide with other westbound 
vessels. At present, the number of ships going in Caofeidian waters is increasing, and 
it is suggested that the current third TSS should be revised.  
（2） The first and second TSS 
There are more intersections of ship traffic at the exit of the first TSS and the second 
TSS. It is suggested to increase the length of the TSS and set up a precaution zone at 
the east and west termination of the TSS, or set up a trumpet precaution zone at the 
exit of the east of the first TSS. 
（3） Precaution area 
There are many vessels confluence in the precaution zone. It is suggested that the 




Chapter 5 Analysis on the present situation and existing problems of the 
routeing scheme in Caofeidian Line 
Figure 32 is the ship’s track distribution in Caofeidian waters in March 2018. It can 
be seen from the diagram that the ship’s routeing scheme had separated the original 
chaotic traffic flow very well. However, based on the analysis of ship’s track, ship’s 
traffic volume, questionnaire and so on, it is found that there are still some problems 
and deficiencies in the current routeing scheme in Caofeidian waters.  
 
Figure 32 Ship’s track distribution in Mar 2018 
Source: AIS data base of Bohai sea (2018),China 
 
5.1 Analysis on the current situation and problems of the first TSS 
According to the statistics of ship’s traffic, it can be seen that the first TSS is more 
efficient and the volume of ship’s traffic is larger, but the number of ships crossing 
through the first TSS is also big. These ships do not follow the order of the traffic 
control center or keep watch on VHF, which has a great impact on the ships sailing 
along the separation zone. The ship that navigates along the first TSS is likely to sail 
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into the separate zone or limitation line temporarily to avoid the collision.  
 
The water area about 8 NM on the east of the first TSS is the traffic flow gathering 
area. Most of the ships from the third harbor basin sail to the Laotieshan fairway and 
Changshan fairway. The cross situation will decrease the navigation safety and 
increase the difficulty of supervision by maritime administration, as shown in figure 
33.  
 
Figure 33 Chart of ship’s traffic flow in the first TSS and adjacent waters 
Source: Drawn by the Author (2018) 
 
5.2 Analysis on the current situation and problems of the second TSS 
According to figure 34, it can be seen that the second TSS is also more efficient. 
However, according to the AIS track of the ship, the area which distance to the west 





are complicated and more likely encounters the situation of head on, crossing and 
overtaking. There are also many small ore carriers and fishing boats sailing there, 
making the navigation environment extremely complex and increases difficulty for 
safety navigation.  
 
Figure 34 Chart of ship’s traffic flow in the second TSS and adjacent waters 
Source: Drawn by the Author (2018) 
 
5.3 Analysis on the current situation and problems of the third TSS 
According to the AIS data of March 2018, the ship's track distribution is plotted as 






Figure 35 Ship’s track distribution of the third TSS 
Source: AIS data base of Bohai Sea (2018), China 
 
It can be seen from figure 35 that the traffic flow in the vicinity of the third TSS is 
complex and chaotic, with many ships passing through the third TSS and many ships 
entering the port directly from the Anchorage  
 
Based on the collected data of ship’s traffic for the year of 2017, the ship’s traffic 




Figure 36 The ship’s traffic volumes of the third TSS 
Source: Drawn by the Author (2018) 
 
From the traffic statistics in figure 36 and the ship berthing tracks actually monitored 
by the VTS, the number of ships passing through the third TSS is lower than the 
number of the vessels entering and leaving Caofeidian Port area and the number of 
ships crossing the third TSS. It shows that the utilization rate of the third TSS is low 
and the navigation environment is complex. The reasons for the low utilization rate 
of the third TSS are as follows:  
 
（1）Less ship berthing directly 
As shown in figure 37, there are very few ships berthing directly in Caofeidian Port, 
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Figure 37 Ship’s traffic route from anchorage to harbor basin 
Source: Drawn by the Author (2018) 
 
（2） Narrow navigable waters near the third TSS 
As shown in figures 38, the third TSS is flanked by east and west anchorage, the 
entrance is not far from the ore wharf, and ships berth and un-berth from the ore 
wharf sometimes occupy part of the third TSS, which affects the normal use of other 









Figure 38 Location map of ore wharf. 
Source: Drawn by the Author (2018) 
 
（3） Limitation for ship’s maneuvering  
From the ship’s berthing track shown in figure 39, due to the large angle between the 
third TSS and the entrance of the first harbor basin, it is unfavorable for the ship’s 
maneuvering. Therefore, the large bulk carrier needs to pass through the third TSS in 
order to ensure that there are enough manipulated waters for ships to enter the harbor 







Figure 39 Berthing track for the bulk carrier from the east anchorage to the first 
harbor basin 
Source: Drawn by the Author (2018) 
 
（4） The influence by others ships 
Small ore vessels and fishing boat disorderly through the third TSS, resulting in the 
ship cannot strictly abide by the rules of the routeing scheme. According to the 
statistical data, the average number of ships passing through the third TSS is about 
245 ships per day, most of which are fishing boats and small ore vessels, as well as 
ships passing through the third TSS in the course of entering and leaving port or 
entering and leaving the anchorage. There are many traffic flows crossing between 
the CB17 termination and the first and second TSS, which makes the navigation 




Figure 40 The traffic flow distribution of the third TSS 

















Chapter 6 Adjustment Scheme of TSS and suggestions for Supervision 
6.1 TSS adjustment scheme   
The implementation of ships’ routeing scheme in Caofeidian waters has greatly 
standardized the ship’s traffic flow and reduced the occurrence of accidents. With the 
rapid development of Caofeidian Port and its surrounding ports, the ship’s traffic 
flow in Caofeidian waters has changed. In order to better play the role of the routeing 
scheme, it is necessary to adjust the routeing scheme accordingly. Consulting the 
research thesis of Professor Fan (Fan Zhongzhou, 2013) and the scholar Zeng (Zeng 
Tao,2003), also according to the statistical analysis of traffic flow, three kinds of 
adjustment schemes are put forward for the ships’ routeing scheme in Caofeidian 
waters. The design form of the scheme is nearly the same, but the point of each 
scheme and the concrete setting form of some water areas are different. The specific 
information and evaluations are as follows:  
 
（1） No. 1 scheme  
Considering the utilization rate of the third TSS is very low, the water area is 
relatively narrow and there are many traffic flows converging here. Therefore, the 
third TSS should be cancelled, and the former third traffic lane should be set up as 
the recommended route for the first and second harbor basin of Caofeidian Port. The 
separation line of recommended route is located in the middle of the separation line 
of the former third TSS, and the axis line is the same as the separation zone. The 
length is about half of the original separation line as shown in figure 41. Following 
the adjustment, the ship’s traffic flow will be away from the berth terminal, and the 
influence between the large ships and the ships entering and leaving the first and 
second harbor basin can be reduced, which is convenient for the operation of the 
ships in and out of the first and second harbor basins.  
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Location of the separation line： 
L1：38°52′.50N/118°29′.3E； 
L2：38°50′.90N/118°30′.2E。 
The direction of the ship entering Caofeidian port is 335 ° (true course); the direction 
of ship leaving Caofeidian Port is 155 ° (true course).  
 
Figure 41 Schematic diagrams of the No.1 scheme  
Source: Drawn by the Author (2018) 
 
（2） No.2 scheme 
No.2 scheme is shortened by half for the third TSS. The adjusted third TSS has given 
away the required operating waters for the large ships entering the first and second 
harbor basin, and the further distance away from the ship’s traffic flow from the 
Diantou wharf, as shown in figure 42.  






1）The east boundary line of traffic lane: 
L：38°52′.50N /118°30′.24E； 
M：38°50′.80N/118°31′.31E。 
2）The west boundary line of traffic lane： 
K：38°52′.50N /118°28′.46E； 
J：38°51′.00N/118°29′.50E。 
3）The traffic lane for entering Caofeidian port is the water area between the 
separation line and the east boundary line, which is 1.9 NM in length and 0.6 NM in 
width, and the entering direction of the ship is 335 °(true course).  
4）The traffic lane for leaving Caofeidian port is the water area between the 
separation line and the west boundary line , which is 1.7 NM in length and 0.6 NM in 
width, and the leaving direction of the ship is 155 °(true course). 
 
Figure 42 Schematic diagrams of the No.2 scheme 
Source: Drawn by the Author (2018) 
  
（3） No.3 scheme 
No.3 scheme is also shortened by half for the third TSS. And set up a recommended 
route between the end of the third TSS and the first and second harbor basin, as 
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shown in figure 43.  




1）The east boundary line of traffic lane： 
L：38°52′.50N /118°30′.24E； 
M：38°50′.80N/118°31′.31E。 
2）The west boundary line of traffic lane： 
K：38°52′.50N /118°28′.46E； 
J：38°51′.00N/118°29′.50E。 
3）The traffic lane for entering Caofeidian port is the water area between the 
separation line and the east boundary line , which is 1.9 NM in length and 0.6 NM in 
width, and the entering direction of the ship is 335 °(true course).  
4）The traffic lane for leaving Caofeidian port is the water area between the 
separation line and the west boundary line , which is 1.7 NM in length and 0.6 NM in 
width, and the entering direction of the ship is 155 °(true course). 






Figure 43 Schematic diagrams of the No.3 scheme 
Source: Drawn by the Author (2018) 
 
6.2 Analysis of evaluation for each scheme 
According to the relevant requirements of IMO General Regulations on Ships’ 
Routeing Scheme and the relevant provisions of the Maritime Bureau of MOT, the 
evaluation indexes of each scheme are analyzed as follows: 
 
6.2.1 The same indexes in the three recommended scheme 
The location and coverage of the three adjustment schemes are basically the same. 
They all set up water areas in the original third TSS, adopting the recommended 
route form, separate zone and traffic lane. All of them can be bidirectional navigation 
and ship’s traffic flow division. It has been analyzed that each scheme accords with 
the method of the ship's routeing scheme in the crossing waters of the General 
Provisions Ships Routing promulgated by IMO. Each scheme sets up the 
recommended traffic flow according to the current status of the main ship traffic flow, 
which can effectively play the role of guiding the main ship traffic flow and 
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simplifying the form of the ship traffic flow. The adjustment scheme is beneficial to 
the optimization of navigation environment. The recommended route and the 
recommended direction of traffic flow will effectively separate the ship’s traffic flow. 
The length of the third TSS is shortened to provide sufficient maneuvering space for 
the entering and leaving of large ships to the harbor basin. The recommended route 
can effectively regulate the flow direction of the ship, reduce the crossing situation of 
the ship, simplify the transportation form, and remind the ship’s officer to drive 
carefully and reduce the collision accident caused by human error.  
 
6.2.2 Distinction and evaluation of the recommended scheme 
No.1 scheme cancels the original third TSS and uses the recommended route to 
divide the ship’s traffic flow, which can guide the ship in and out of the port very 
well, and the recommended route is constructive rather than mandatory. So the ship 
can cross the center of the recommended route when entering or leaving the port, 
which can provide enough space for the large ship to maneuver in and out of the port. 
However, because the recommended route is not mandatory, it may lead to the 
navigation risk of individual ships not sailing as requirement.  
 
No.2 scheme shortens the original third TSS to half, and the ship is not restricted by 
the TSS when entering the first harbor basin, which makes the operation simple and 
convenient. However, as this area is the termination of the TSS, the ship’s traffic 
flow is complex, and many ship’s traffic flows are crossing again. Hence, there is a 





No.3 Scheme 3 has shortened the original third TSS to half and sets up two-way 
recommended routes at the termination of third TSS, which can take into account the 
advantages of NO.1 scheme and No.2 scheme, thus simplifying the flow of ship 
traffic and standardizing the route of entering and leaving. It can effectively solve the 
problem of difficult operation of the ship entering the harbor basin, and is more 
flexible in supervision.  
 
6.2.3 Overall evaluation of the every scheme 
Table 15  Overall evaluation of the every scheme 




each scheme accords with the method of the ship's routing scheme 
in the crossing waters of the General Provisions Ships Routing 





in the area. 
Can meet the current 
situation and the 
navigation habits in 
the area. 
Can meet the 
current situation 
and the navigation 
habits in the area. 
Can meet the current 
situation and the 
navigation habits in 
the area. 
Whether the main 




cover the main 
traffic flow of ships, 
and it is not 
mandatory to 
separate traffic flow. 
Can cover most of 
the vessel traffic 
flow, to separate the 
traffic flow with 
mandatory  
Can effectively cover 
the main traffic flow 
of ships, and the 
upper part of the 
separate traffic flow is 
recommended. The 





guide the ship’s 
flow 
The recommended 
traffic direction can 
effectively guide the 
main ship flow and 
simplify ship flow 
form. 
The recommended 
traffic direction can 
effectively guide 
the main ship flow 
and simplify the 
ship flow form. 
There is a gap 
between the harbor 
basin and the 
termination of TSS.  
The recommended 
traffic direction can 
effectively guide the 
main ship flow and 






Because the design 
of TSS is based on 
the actual traffic 
investigate data, it is 
in accordance with 
the customs practice 
of the seafarers, 
which has little 
impact on the ship 
that does not apply 
to TSS. Less difficult 
to implement 
Because the design 
of TSS is based on 
the actual traffic 
investigate data, it 
is in accordance 
with the customs 
practice of the 
seafarers, which has 
little impact on the 
ship that does not 
apply to TSS. The 
implementary 
difficulty is slightly 
higher than the 
No.1 scheme 
Because the design of 
TSS is based on the 
actual traffic 
investigate data, it is 
in accordance with 
the customs practice 
of the seafarers, 
which has little 
impact on the ship 
that does not apply to 
TSS. Less difficult to 
implement 
Impact on ship’s （1）Recommended （1）Recommended （1）Recommended 
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traffic flow. route and traffic flow 
direction will 
effectively separate 
different types of 
ship’s flows.（2）It 
has the function of 
reminding the ship to 
navigate carefully 
and effectively 
reduces the collision 
accident by human 
error.  
route and traffic 
flow direction will 
effectively separate 
different types of 
ship flows；（2）
There is a gap 
between the harbor 
basin and the 
termination of TSS, 
and the traffic flow 
is complicated.  
route and traffic flow 
direction will 
effectively separate 
different types of ship 
flows；（2）It has the 
function of reminding 
the ship to navigate 
carefully and 
effectively reduces 
the collision accident 
by human error. 
Source: Edited by the Author (2018) 
 
According to the above analysis, No.3 scheme accords with the general regulations 
of the ships’ routeing scheme of IMO, accords with the navigation habits of the 
seafarers in this area, can cover the main ship’s flow and separate the ship’s traffic 
flow in the Caofeidian waters, also can reduce the navigable risk of the ship. The 
adjustment scheme of the TSS is simple and has little influence on the existing traffic 
flow, and is supported by most of the shipping companies in Caofeidian, relevant 
departments and experts, so it is relatively easy to implement. Therefore, this thesis 





6.3 Suggestion on ship supervision 
6.3.1 Setting the virtual precaution area  
The waters about 7.8 NM on the east of the first TSS and about 4.2 NM on the west 
of the second TSS are the confluence areas of traffic flow. As the traffic confluence 
waters are far from the termination of TSS, there is no warning effect on the east 
termination of the first TSS and the west termination of the second TSS. Increasing 
the length of TSS cannot change the confluence situation, but it may cause traffic 
chaos and increase the number of ships passing through. At the same time, the area 
near the entrance of Tianjin port is compressed, which is unfavorable to the 
navigation and avoidance of vessels. It is suggested that virtual precaution area be set 
up for the traffic confluence waters to alert passing ships. The location of virtual 
precaution area is about 7.8 NM on the east of the termination of the first TSS, with 
38°47′N/118°55′E as the center of the circle and 4 NM in diameter. Another virtual 
precaution area is located about 4.2 NM on the west of the termination of the second 
TSS, with 38°51′N/118°16′E as the center of the circle and 3 NM in diameter as 
shown in figure 44. 
 
Figure 44 Schematic diagrams for the virtual precaution area 




6.3.2 Setting the important monitoring waters 
In order to better monitor the vessels in the dense traffic area to prevent accidents, 
and ensure the safety and unimpeded of the TSS, four important monitoring waters 
should be designated by VTS supervision: the west of the second TSS, the precaution 
area, the middle section of the first TSS and the north of the termination of the third 
TSS, as shown in figure 45.  
 
Figure 45 Schematic diagrams for the important monitoring area  
Source: Drawn by the Author (2018) 
 
The VTS supervisor should pay close attention to the ship’s movement in the 
monitoring waters at all times, remind the ship to navigate carefully, call the relevant 




Chapter 7 Conclusion 
Based on the analysis of ship’s traffic data for the implementation of TSS in 
Caofeidian waters, the effectiveness of TSS in Caofeidian waters is evaluated as the 
following conclusions.  
（1） According to the effect of the TSS in Caofeidian waters, which has met the 
original design requirements, the design scheme of the TSS in Caofeidian 
waters is feasible and valid. 
（2）The implementation of the TSS in Caofeidian waters not only effectively 
separates the eastbound and westbound vessels, but also reduces the cross and 
encounter of ships, and also realizes a certain degree of straightening out the 
ship’s traffic flow in and out of Caofeidian first and second harbor basin.  
（3）The implementation of the TSS in Caofeidian waters has obviously improved 
the safety of ship navigation and obtained better social and economic benefits. 
However, due to the continuous development of Caofeidian port and the nearby 
ports, following the increase of ship’s traffic, there are still some problems in 
the TSS. The main problem is the low efficiency of the third TSS, and ship’s 
traffic flow confluence at the entrance of the first and second TSS. According to 
the actual ship’s traffic flow situation and the feedback from the questionnaire, 
this thesis puts forward three adjustment schemes for the third TSS. The third 
adjustment scheme is recommended based on the analysis and evaluation of the 
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